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This article highlights the role played by the Meteorological Society in auroral research. True, the coordinators in Mannheim showed an marked interest in the aurora. But the network, while international, nonetheless had its highest density of participating stations on the European Continent. The Mannheim organizers were not particularly eager to establish meteorological stations in the Far North. As regards the aurora borealis, this phenomenon was not perceived by the leading members of the Meteorological Society to be a particularly northern phenomenon.
Several observers on the Continent seem to have considered themselves to be as favourably placed as anywhere else for investigating the aurora. The findings presented here thus offer a comment on the belief, so frequently put forward by Nordic investigators since the early eighteenth century, that the riddle of the northern lights was bound to be solved in the North. This belief was not necessarily shared further south, as the history of the Meteorological Society's engagement with the aurora illustrates.
A principal aim of our study is to provide examples of how early-modern observers struggled to come to terms with various fleeting optical phenomena and to determine what was an aurora borealis and what was not. We will employ the annual reports of the Meteorological Society for a case study of this problem. The number of sightings of aurora reported by the stations sometimes vastly exceeded that which can be expected based on the present scientific understanding of solarterrestrial phenomena. Moreover, much greater variation in the number of aurora reported from station to station in relatively close proximity also seems puzzling in light of present knowledge. In addition to these statistical anomolies, descriptions of individual sightings and theoretical reflection put forward by members of the network strongly suggest that the international scholarly community had yet to achieve a consensual understanding of the aurora as a visual phenomenon. Just what observers were allegedly looking for and reporting under the rubric of "aurora borealis" was itself a problem.
discussions of the influence of the Sun on the climate. Climate-change researchers use statistical overviews of auroral outbreaks per year, along with other parameters such as sunspot observations, as data for their models. This use of historical auroral data is highly precarious. Given the lack of consensual agreement to the very notion of the aurora borealis and given that change over time of what was being recorded as an occurrence of aurora, the reliability of such data sets for reconstructing climate change is questionable. By bringing scientific, linguistic, and historical insight to the task, this study seeks to identify spurious reports of aurora in the data and to propose possible sources of what today would be termed as "error".
The Societas Meteorologica Palatina and early modern meteorology
Meteorology was an important field of research in the Age of Enlightenment. The ideology of the time among the learned promoted empirically based, "rational" science to explain natural phenomena rather than the traditional lore and superstition of the common people. Documentation of the weather from year to year, combined with medical records of diseases and birth-and mortality rates, was seen as a means to enhance public health. Astrological beliefs regarding sowing and harvesting were to be replaced by a scientific investigation of the weather that in due course was to lead to improved methods of agriculture. Similarly, popular interpretation of northern lights and other spectacular phenomena in the sky as omens was to be refuted by means of reason. The Meteorological Society was not alien to such rhetoric (e.g. Cassidy, 1985) , but its raison d'être was broader than simply the quest for utility and rationality.
Meteorology in the early modern period was pursued by researchers from three fields; medicine, experimental physics and astronomy. From early on, investigators of the weather felt the need to gather calibrated observations from different places in order to grasp the dynamics of the weather on a broader scale, not unlike the common practice of sharing and exchanging corresponding observations so characteristic of eighteenth-century astronomy (cf. Widmalm, 1992) . routine, the internationalization and standardization of meteorology arose more slowly.
An early effort to harmonize meteorological observations was made by the Accademia del Cimento that flourished in the 1650s and 60s under the patronage of Grand Duke Ferdinand II and his brother Prince Leopold of Tuscany. That network lasted for about ten years and foreshadows the Meteorological Society of Mannheim in certain respects. Observers connected to the Accademia del Cimento were equipped with identical instruments; they were asked to record the weather at fixed times at stations established over a deliberately broad geographic area. Although some stations were outside of Italy, the network remained primarily a local affair within Tuscany. The effect of the Accademia was greater however than the mere distribution of its observers. The thermometer was spread across Europe, and the very notion of standardized meteorological observations took hold amongst proponents of science. Similar, albeit more local, initiatives were taken in London and Paris around the middle of the seventeenth century. Later efforts were often broader in scope, but lacked the successes characterizing the Societas Meteorologica Palatina in terms of standardization. As an example, in 1723 the secretary of the Royal Society of London issued a letter of invitation to submit meteorological observations. Reports arrived from localities around the globe for a period of about ten years, but no effort was made to use calibrated instruments. In the 1770s, interest in meteorology peaked. Influential natural philosophers in several countries published meteorological treatises. The need for coordinated observations in order to answer several questions relating to what we would now call "climatology" was strongly felt. The obvious utility of meteorology for agriculture and navigation received further impetus from basic questions regarding the distribution and properties of plants, diseases, electricity, magnetism -and even morals, as in the famous example of Montesquieu (Feldman, 1990; Colacino & Valensise, 1994; Frängsmyr, 2000) .
Most relevant of the numerous projects to study weather and climate was an initiative taken by the professor of physics Johann Lorenz Böckmann (1741-1802) in Karlsruhe, which influenced the 6 founding of the Meteorological Society of Mannheim. In the year 1778, Böckmann succeeded in setting up a network comprising sixteen meteorological stations within the Margravate of Baden. He planned to expand the network beyond that single German state, but after merely a year lack of funds forced further initiatives to be aborted. Böckmann's network disintegrated; he withdrew from meteorological research (Cassidy, 1985: 17-18; Lüdecke, 2002; Moutchnik, 2006: 326-327 ).
Böckmann's activities were followed closely in the German-speaking areas of Europe. In to enable them to publish the annual reports in the costly quarto format. With funding secured and an institutional framework in place, the founding fathers then started inviting participants into their network of meteorological stations.
From the very outset Hemmer, Stengel, and Mayer aimed to establish an international network. Apart from places within the Elector's area of administration, letters of invitation were sent to institutions of learning distributed over a wide geographical area ranging from Stockholm to Rome and from Saint Petersburg to Lisbon (further expansions into Siberia and North America came later).
In addition to letters sent by the scientific organizers, diplomatic channels were used to solicit participants. Some declined, but in the end a total of thirty-nine stations were included in the network for shorter or longer periods over the Society's dozen years of existence. Not surprisingly, The inclusion of Norway and Greenland in the network was thus an unintended side-effect of the network as it spun out from Mannheim. Moreover, the Society's relatively extensive research into the aurora may be characterised as a comparatively modest topic within its broader ambitious research programme. Nevertheless, the annual Ephemerides Meteorologicae constitute an important source on how early-modern observers on the Continent interpreted a quintessentially northern phenomenon.
The Societas Meteorologica formally existed for fifteen years. In the later years, however, it showed clear signs of disintegration. where the northernmost long-term stations of the Mannheim network were found, the aurora was surely as well known to the observers as any other feature of the sky they were asked to record.
Moving south to Germany it is seen only sporadically, and in periods of solar activity minimum it might be absent for years. South of the Alps the aurora is so rare that local observers would have a chance to see it only a few times in their lives. Presumably, very few of them had observing experience from northern Europe.
Not only did the rarity of auroras pose a challenge, so too did the puzzling and seemingly contradictory general properties of the aurora. While green is the dominant colour for a northern observer, deep red is most common when the aurora appears further south. In the north, a variety of structural forms is common -arcs, draperies, and corona -but the red aurora is normally more diffuse in structure. This red hue may be confused with other cases of red colours in the sky. It is no coincidence that the name aurora borealis ("northern dawn") was coined in the south (Siscoe, 1978; Aspaas, 2013 (1881) and Vestine (1944) . Note that we are talking about the numbers expected to be observed, not the numbers actually occurring, as some are always lost due to clouds. The eleven years that the Mannheim network operated constitute 4000 days. AB is recorded on almost 1000 days, or 25% of them. The number is unreasonably high, confirming our conclusion above that a large part of the observations does not concern aurora borealis in the modern sense. A closer examination reveals that a considerable proportion of the observations-roughly 20%-are single, meaning that they are not corroborated by simultaneous observations at any other site. The aurora is a large structure easily covering all of Europe when expanding to the south, and given its altitude of 100 kilometres or more, it will be visible at a distance of at least several hundred kilometres. Therefore, an aurora observed from Italy also ought to be seen from the stations further north in Europe. Looking at the 40 events in Padua we find that only 10 of them can be traced to the north. These few very likely constitute the majority of major auroras occurring during the observation period of the Societas Meteorologica. This will bring the number of ABs observed down to a reasonable level. A similar procedure can be applied to observation north of the Alps. On the basis of statistics alone we estimate that the number of "valid" observations should be lowered to less than half of the number of ABs recorded.
If not northern lights, what then …?
The statistical breakdown of the data thus demonstrates that somewhere around 50% of the records of AB in the Ephemerides Meteorologicae are inconsistent with the modern concept of the phenomenon. Still, the observers must surely have seen something. The question remains what they saw and why they classified it as "AB". In order to assess this problem, we have found two sources helpful. First, the editorial prefaces to each volume contain many comments on the aurora and conjectures regarding its cause. Second, many -although not all -stations elaborated on notable observations in a section called "Annotationes speciales". Since the AB was highly liable to be considered as something "special", many individual observations are thus described in more detail in the annotations than in the necessarily laconic tables.
Before discussing individual observations and their interpretations, a brief survey of auroral theories anno 1780 is necessary. Perhaps the most influential of all eighteenth-century books on the aurora was that of Jean-Jacques d'Ortous de Mairan, a member of the Académie Royale des Sciences in Paris. De Mairan's explanation was original in that he assumed a close connection between the aurora and the zodiacal light, a phenomenon more usually seen from southern latitudes (Mairan, 1733) . More frequent were explanations pointing to reflections of moisture or ice crystals floating around in the northern part of the sky. This idea was challenged by the fact that the aurora tends to take place several hours after sunset, a circumstance which called for intricate reasoning. One way of saving the hypothesis was to argue that the atmosphere was thicker in the north, thereby refracting the sunlight and making the sunsets last much longer than in the south (e.g. Spidberg, 1724; cf. Lynne was involved (e.g. Hell, 1776, cf. Aspaas & Lynne Hansen, 2007) . Another challenge came from studies of magnetism. The discovery of the 1740s, that magnetic needles might be affected at the same time as auroral outbreaks (Widmalm, 2012) , inspired speculation that the aurora may consist of a magnetic substance arising from some unknown source (some years earlier Halley spoke of "magnetical effluvia" from Earth itself; Halley, 1716) . A third hypothesis linked the aurora to electricity. Analogies were drawn with thunder storms, which of course do involve electricity.
Contrary to the electricity at play in regular thunderstorms, however, the electricity of the aurora proved problematic if not impossible to measure. Nonetheless, the electricity theory appears to have had many proponents at the time when the Meteorological Society started its activities (e.g. Wilcke, 1778) .
A number of atmospheric phenomena could easily have been reported to be aurora, although they clearly were not, at least as understood today. In part lack of experience in regular observation of aurora could result in misinterpreting other lights in the sky, but also for many observers the features and habits of the northern lights were simply still a puzzle for science. For example the Jesuit astronomer Maximilian Hell (1720-1792), during his journey in northern Norway in 1768-69, put crepuscular rays in the same category as the aurora borealis in spite of the fact that they are seen in broad daylight (Aspaas & Lynne Hansen, 2007) . To an eighteenth-century observer the aurora borealis did not necessarily belong to the night. It was not even obvious that the aurora was something taking place above the clouds (cf. Briggs, 1967) . Crepuscular rays look like beams of light that seem to come from a common point in the sky, especially when the sun is hidden behind a dense cloud or being below the horizon. Mannheim, however, is the only place in the entire network to report an AB that day. In the more elaborate "Annotationes speciales" section, the Mannheim observer (probably Hemmer) notes that, "a great brightness lay fixed on the horizon in the Northwest after sunset" on 4 May 1783. 1 This may well be an observation of distant clouds lit up by the sun. The circumstance that no other station recorded an AB that evening strongly suggests that it must have been something other than a northern light.
A third possibility is that lightning, in particular distant thunderstorms, can be taken as AB.
The widespread contemporaneous notion of the aurora borealis as an electric phenomenon seems to have underpinned such classification. The editors in Mannheim were themselves a source of inspiration here. The prefaces of the Ephemerides Meteorologicae repeatedly point to this explanation (see below).
NLC are thin clouds high up in the atmosphere -in the mesosphere around 85 km altitude -and are therefore sunlit long before sunrise or after sunset. Observers situated in mid and southern Europe not familiar with auroral displays may well have taken NLCs to be auroras. The wavelike structure and electric bluish hue of NLC in fact resemble certain types of aurora. The first observations of NLC were reported in 1885. This was only two years after the enormous vulcanic eruption of Krakatao; the idea has been put forward that NLC were caused by large amounts of particles injected into the upper-atmospheric mesosphere by the eruption. While this theory may well be correct, it does not explain why NLC were not observed before 1885. After all, volcanic eruptions the size of Krakatao have taken place many times in history. We suggest that NLC have always been there, but were not given a separate designation until the year 1885. Earlier observers probably put them in the category AB.
In the table the years 1786-87-88 are remarkable for reporting the sighting of very numerous AB. They contribute substantially to the high average frequency of AB in the material. Not only the four stations mentioned, but also several others report far too many AB, in particular for the year 1787. Something unusual took place over western Europe these years. A clue is found in the Brussels records. They report numerous events of "AB immobilis" or "AB fixa", that is "not moving". In May 1786 alone there are thirteen days of such cases. Most of these observations are definitely not AB.
Most likely the explanation is found in an enormous volcanic eruption on Iceland, known as the Laki eruption. It started in June 1783 and continued until February 1784 and was probably the most powerful eruption on Earth in historic times with respect to lava outflow and gas and dust ejected into the atmosphere (Thordarson & Self, 2003) . Weather in Europe and North America was strongly affected the next several years. In particular, the summer of 1783 and the following winter were extreme with low temperatures and persistent haze (e.g. Kington, 1988; Demarée, 2006) . Little is known about the effect of the eruption on the mesosphere, but like the Krakatao case large amounts of dust must have been transported to such heights. We suggest the unusual ABs observed in large numbers from 1786 to 1788 are an effect of the Laki eruption, be it NLC or some other kind of clouds so high up that they were illuminated by the sun long after sunset.
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Real and remarkable observations
It is important to note that, for all the abundance of observations not consistent with today's definition of the aurora, there is no shortage of observations that can be corroborated either by statistical methods or by the descriptions found in the special annotations. One example is this one, Basically, this description makes sense. It is too late for the sunset to be involved, and the movement and colours appear to exclude moonlit clouds. On the other hand, there were no observations from other stations that day, but several on the days following it. It is interesting to note, however, that cloudy weather appears to have been a natural companion of the aurora to the observers in Zagan; so natural, in fact, that they did not hesitate to describe the aurora itself as a cloud.
Philosophers and historians of science have long noted the tendency of even the most trained scientists to make "theory-laden observations". The "theory ladenness" of the Mannheim
Society is easily distinguishable in the special annotations, such as the striving to find ABs accompanying thunderstorms as a corollary of the presumed electrical nature of the aurora. In fact, field of inquiry such as early modern meteorology, "to witness gives authority". In order to gain authority as auroral researchers, the organizers in Mannheim needed to gather as many eye-witness accounts as possible, as that was likely to lend more weight to their theoretical deliberations.
Similarly a sense of prestige certainly also accompanied an observer who reported frequent sightings of such an enigmatic phenomenon.
Concluding remarks
The Meteorological Society of Mannheim was set up to coordinate observations of the weather on an international scale. It also developed into a network for auroral research as well. However, while it succeeded quite well in gathering consistent sets of data for temperature, pressure and humidity, its recordings of "meteora" were less successful when analysed with the benefit of hindsight. In our analysis, we have gone through 1323 alleged observations of "AB", or northern lights, made at twenty-nine sites in western Europe and recorded in the Ephemerides Meterologicae Societatis Palatinae. Our investigation demonstrates that in the 1780s the aurora was a phenomenon that as yet defied concensual agreement as to its visual features as well as its nature. Descriptions of the aurora in tune with modern concepts seem to have been widespread in Scandinavia, but not yet established on the Continent, where the colour and infrequency of the aurora rendered it more likely to be confused with other phenomena. To observers in the North the aurora was common, greenish and easy to recognise (Fig. 2) . To observers far south of the auroral zone it was rare, generally red or pale and hard to distinguish from other phenomena in the sky (Fig. 3 ).
This situation has consequences for historians of science as well as for climate change researchers. Surveys of the history of research into the northern lights tend to underestimate the fact that a variety of understandings of the aurora that cannot be reconciled with the modern concept of the phenomenon co-existed for a very long time in Europe. Climate-change researchers tend to take the reliability of past records for granted and use them for their models of solar activity without subjecting them to relevant critical scrutiny.
Having said that, not every observation is permeated by notions that are incompatible with the modern concept of the phenomenon. Certain strong auroral outbreaks were unquestionably visible even in southern Europe during the years of the Meteorological Society's activities. These are not immediately recognizable, and need to be sought out from the non-standardized and inconsistent data by means of critical analysis and statistical methods.
The * by the number means the observations are found in annual summary tables only. Thus date in year is unknown.
Magn. Latitude is geomagnetic latitude in degrees. We have used dipole latitude estimates for 1785 calculated with dipole pole coordinates 79.5 degrees North, 304 degrees East (Langel 1987, p. 388) .
The column Per year gives the average number of ABs per year the station reported.
Expected is the number of observations per year based on the work of Vestine (1944) .
The stations most significantly deviating from the expected frequency have been marked in yellow.
FIGURE 1
Geographical distribution of the 29 stations of the Societas Meteorologica Palatina whose observations of auroras are analysed in Table 1 . The red lines give an approximation of the auroral zone, where the aurora borealis occurs most frequently. Graphics by Magnar Gullikstad Johnsen in collaboration with the authors.
FIGURE 2
Northern Lights over Kvaløya, Norway, April 2008. Photograph by M. Buschmann. Wikimedia Commons.
FIGURE 3
Aurora borealis in 
FIGURE 4
Noctilucent clouds over Lake Saimaa, Finland, August 2003. Photograph by Mika Yrjölä. Wikimedia commons.
